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PERMIAN SALT DEPOSITS-OF THE SOUTH-CENTRAL 
UNITED STATES. 


By N. H. Darron. 


INTRODUCTION. 


During the last few years extensive drilling for oil, gas, and water 
has revealed a vast deposit of salt constituting part of the Permian 
succession in eastern New Mexico and northwestern Texas and Okla- 
homa. The northern extension of the deposit in the Hutchinson- 
Lyons area, central Kansas, has been known for many years. The 
limits of this deposit, especially to the northwest and south, have not 
been ascertained, but in general the area of thick salt extends fully 
650 miles from north to south and 150 to 250 miles from east to west. 
The thickness and succession of beds are variable, but 700 feet is re- 
ported in one hole, and in many places the ageregate is more than 
300 feet. These facts indicate that it is the largest known salt deposit 
in the world. (See Pl. XXI.) 

In this report will be given a brief statement of the principal data 
so far obtained, especially with the purpose of stimulating the col- 
lection of further information regarding the succession of salt beds, 
the nature of the associated strata, and the limits of the several de- 
posits. To this end it is important that those who are drilling in 
the general region should keep careful records of the strata and 
collect samples of salts and brines for testing. The United States 
Geological Survey, in cooperation with the Texas Bureau of Economie 
Geology and Technology, maintains a field laboratory near Amarillo, 
where D. D. Christmer, chemist in charge, provides for the collection 
and general testing of samples without charge. 

In most processes of deep drilling there is considerable difficulty 
in recognizing salt because of its solubility in water, and for that 
reason many records fail to give reliable information regarding the 
presence and thickness of salt beds. Some records of borings pass- 
ing through salt beds either fail to refer to them at all or group 
them with the insoluble sediments as * shale, salty,” “sand and salt,” 
* brine and red sand.” Owing to these reasons many of the data 
given in the following pages are not as reliable as might be wished. 
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Some borings in whose logs no salt is recorded are in areas that are 
known almost certainly to be underlain by salt. 

In connection with the endeavor to find potassium salts in the 
United States it is believed that the place in which such deposits are 
most likely to occur is in this great basin of saline accumulation, 
where the mother liquors of the sodium chloride might at some time 
have become so desiccated that their potash content was laid down 
in small local basins. Many tests have been made of salt and 
brines from borings in the area treated in this report, and inva- 
riably the potassium content has been far too low to have any com- 
mercial significance. However, the districts not yet explored by 
borings are very extensive, and there is a possibility that commercial 
deposits of potassium salts will yet be found. Such a discovery is 
not likely to be made, however, unless there is careful sies and 
testing of samples of salts and brines. 


АСЕ. 


The great salt succession occurs undoubtedly in the Permian 
series, in beds which belong to the Manzano group in New Mexico 
and the Marion formation in Kansas. The classification of the beds 
in Kansas is made by the geologists of that State. The section of 
the rocks of central Kansas (Pl. XXII) shows the stratigraphic 
relations. From the evidence in New Mexico it is certain that the 
salt is in the underground extension of the Manzano deposits, which 
underlie the Triassic in the eastern part of the State. The cross 
section in figure 38 (p. 990) shows the broader relations to the 
structure and stratigraphy. 


STRATIGRAPHIC RELATIONS. 


The salt beds occur in a succession of red shales and sandstones and 
are associated with more or less gypsum, anhydrite, dolomite, and 
limestone. The salt is in bodies that vary in thickness and are doubt- 
less lenticular. The records are not comparable in detail, although 
no doubt part of the diversity is due to the imperfections in the 
records themselves. In some areas apparently there is an upper and a 
lower series of salt measures, and some of the holes probably did not 
reach the lower series. 

The records given in this report illustrate the principal features of 
the stratigraphic relations of the salt measures, especially the two de- 
tailed sections of shafts at Lyons and Little River, Kans. (p. —). 
Unfortunately many of the records do not state the true nature of the 
beds, failing particularly to recognize anhydrite, which in many 
records is reported as limestone or other rock. In Kansas there 
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MAP OF SALT BASIN IN NEW MEXICO, KANSAS, OKLAHOMA, AND TEXAS. 
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appears to be but little anhydrite or gypsum interbedded in the salt 
measures or closely associated with them, although thick deposits of 
gypsum are reported from both higher and lower horizons. In Okla- 
homa, Texas, and New Mexico gypsum and anhydrite occur abun- 
dantly in close association with the salt, notably at Carlsbad, where 
the main body of salt is overlain by 185 feet of anhydrite and under- 
lain by 1,325 feet of it. With the present lack of knowledge as to the 
true nature of the materials penetrated in most of the borings it is 
not possible to recognize any definite order of the strata in the salt 
succession. 


STRUCTURE. 


In general, the great Permian salt deposit lies in a wide, flat, shallow 
syncline, and the thickest salt beds occupy approximately the bottom 
ofthe basin. There are also local structural features of various kinds, 
most of which have not been determined, especially in the wide area 
of the Staked Plains, where the strata are deeply buried beneath sands 
of Tertiary age. It may be that the basin structure has persisted 
from Permian time and influenced the location of the sea from which 
the salt was deposited. This question, as affecting the western Texas 
area, has been discussed by Udden. 


KANSAS. 


Many published data? show that a continuous body of thick salt 
beds underlies an area of at least 7,000 square miles in central Kansas. 
The salt is worked as a commercial product at several localities, 
notably.near Hutchinson and Lyons, which are the centers of the 
industry. The sections in Plate XXII show the principal relations 
of the deposit as determined by borings. The salt measures, which 
are from 200 to 400 feet thick in the major deposits, are regarded as ап * 
upper member of the Marion formation, of Permian age. They 
are overlain by 200 to 400 feet of the Wellington shale, which 
separates them from the Permian * Red Beds" (Cimarron group). 
The salt thins out toward the east and presumably also toward the 
north, but it may extend to the Nebraska line. Its relations to the 
northwest and west are not known, for beyond Great Bend the 
deepest wells have not reached it. 

The principal features of the Kansas salt measures are shown in 
Plates XXII and XXIII and figures 31 to 33. Some of the details 
are taken from the report by Kirk and Haworth, and others have 
been obtained from the drillers. 


1Udden, J. A, Potash in the Texas Permian: Texas Univ. Bull. 17, p. 51, 1915, 
*Kirk, M. Z, and Haworth, Erasmus, Salt: Kansas Univ. Geol. Survey Mineral Re- 
Sources, 1898. 
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At Anthony the salt beds are 415 feet thick (depth, 946 to 1,221 
and 1,350 to 1,490 feet); at Kingman, 363 feet thick (depth, 665 to 


Soil and gravel 


Shale with thin limestones 
Shale and salt 
Salt 


Shale, black 


-Limestone 
Shale, black 


Limestone and shale 
Sandstone, brown 


3 
=| ; Limestone and shale 
= | Shale on limestone 
Shale, black 

Shale, mostly black 
Limestone, white 


Shale, black, and red rock 


Shale, dark to calcareous 


= Sandstone, salt 
= | Shale and sandstone 
— Limestone 
Fıcure 31.—Record of boring at 
McPherson, Kans, 


1,028 feet); at Hutchinson, 380 feet 
thick (depth, 430 to 810 feet); at 
Lyons, 275 feet thick (depth, 793 to 
1,068 feet); at Kanopolis, 250 feet 
thick (depth, 630 to 880 feet) ; and at 
Wellington, 50 feet thick (depth, 239 
to 989 feet). Wells at Arlington, 650 
to 1,000 feet deep, were in salt at the 
bottom, and the record of the 1,365- 
foot hole at Great Bend reported 195 
feet of salt and shale at the bottom. 
Holes at Rago and Nickerson pene- 
trated the beds for some distance. Тһе 
thinning of the salt to the east is 
shown by the records of the Welling- 
ton and McPherson wells. Appar- 
ently it does not quite reach the sur- 
face in central Kansas, although 
probably the salt springs at Geuda 
are at or near the outcrop of the 


salt beds. A record of the McPherson boring is given in figure 31. 
The following table gives the principal data available as to wells in 
the south-central part of the State: 


Borings in south-central Kansas which penetrated salt beds. 


Locality. 


Harper, 2 miles southeast of................- 


Ashland, sec. 17, T. 31 S., К. 23 W ..........- 


Minneola, SE. 4 sec. 10, T. 30 S., В. 25 W.... 


Crisfield, sec. 15, Т. 33 S., R. 9 W 


АлІһоПу.2::52-2-5422255-54-2-2-2---25-2---. 


пан A LEGIS serte 


Depth 


(feet). Principal materials. 


--3,300 | Shale, red, brown, and gray, to 815 feet; 
saltat 818-824, 946-900, and 970-978 fet. 
3,003 | Salt at 310-535 625-030, 695-700, 1,220-1,235, 
1,705-1,712, 1,810-1, 855, 1) 860-1, 880, 1 ‚885 
1, 895, 1, ,900-1,920, 1 ‚930-1, 960, 2, 000-2, 025, 
2 ‚035-2, 055, and2, 170-2, 185 feet. 


MGE 3,807 Salt at 690-750, 780-938, 970-1,000, 1,065- 


1,090, 1,140-1,148, 1,526-1,550, 2,090-2,185, 
2,225-2,250, E /270-2,300, 2,350-2,365, and 
35570-3,577 4 

1,659 | Saltat 900-985, ^ 010-1,022, 1,205-1,215, and 
1,230-1,235 feet. 


EAS 2,335 Salt at 946-1, 221 feet; shale, with some salt, 


at 1,350-1, 490 feet. 


“А 1,393 | Salt and shale with three thin limestone 


beds at 665-1,038 and 1,070-1,080 feet. 
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After Kansas Univ. Geol. Survey Ann. Bull. Mineral Resources, 1898 (PI. V). 
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In the two following records are given the details of the succession 
of salt and overlying and interbedded strata in the central Kansas 


region. They are much more accurate than well records. 


Record of shaft of Lyons Rock Salt Co., Lyons, Rice County, Kans.% 


Solland sandy loaxiz,2....::...12::22.. Musa ЕЛ ЕТ NN А ОДО 
Вапу Іоан ИЕСИ eee LI 
Sandstone tie лада ы арс MA E ALOE ТИЕ ЕРЕ 
Variegated сауа ы. Ir. 
Blueclay...... OO er E IRR å 
TITAN A: A dte SEE Ede Sc ME EARS 
Gray sandstone. os: р Mo IIR RE азиа re 
Red sandstone fa. 525055 om e ae am cip ЈЕ T ОНООН 
Red sandy sbale222:2:35.1.13 290 нг тај на A Ze PI NR ONDE 
Red дау a a an ge ea не ВИКИ 
Boftlimestono,, un а 00 cecilia de ua dene Ri a а ge не нанесе EE 
d psum andlimestonel..;-..:..:.... ce Be oe 108 en ar o ee 
Blueshaleh 5280057 7: d 
Red and blue shale, mixed with gy psum. kh E SPetr N red SM SA СЕК 
Dark-gray shale 
Reddish-gray һис СЫ ЫСЫМ EEK ENE 
Dark-gray shalo RER el M СЕНА P EM TM C Бы 
Light-gray ватон РОНЕ Бао бс Ж О м. 
Dark-gray salt and тоск л л NE 
Light-gray salt rock sn. а ва onc a ТЕСТТЕ ТИТЕ. 
Татк-стауда шдоекі 252222. ОСЫНЫН DEE US ЦЕНЕ НШЫ 
Light-gray salt Tock252::2:.. ЕНДК МЕ eter 
Reddish-gr&y saltrock аа EE A не тарал ИНЕ ЕИ 
grey EEE SE AUN AD de O S Mala Ea Da T 
Dark: A Salt LOCK ———Á— HM —X— s. 
Gray shale 
Gray halo U ER ТТР e dues QS 
Light-gray Saltros LER 
Косквацалдбвһв1622:22.22.22442.5445-52---52.21.2-..4422% 01116105 sd ET 
Lighteray Baltrock ааа ДО ee EUR 
Gray shale Er En ке де» ан тона e vase er а АШ ЛЕ САБАН з 
Tight-gray БАШТООСУ уже нра те на ван ao ORE esta 


Ligbi-gray Ssaltrock десе ea ls da ЧЕ een see КБ 
Shaleand salt rock, тіхей......................... MI PO Cee > 
Dark salt and Зато ыа a br IT c S EE EN ШЕЕ е Tr 
Urystalsalte és adi o o ee 
Shaleand SCH SFT Ra ТЕОРЕ Е 
Dark salt and shalo ро Ер + Н ЬИР 
Dark-red зба A ee ee 
Darksal&ghd rockis sssi kienak aanas ee e S ШЕ 
Dark salt, with erystáls........................-...-... dos 
Rock and saltandshale..... nennen. 
Dark salt and shale Дару. nenn terre arre + ЊЕНУ 
C Mee dodge cy ааа ЕАР 


Shaler A een les datere ste 225 3 
Light-gray salt and a little shalo; е Е 


a Kirk, M. Z., and Haworth, Erasmus, op. cit., р. 93. 
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Limestone and shale 


Sec. 17, T. 31 S., SEA sec. 10, T. 30 S., 3 miles east of Sec. 16, T. 26 N., R. 25 W., Sec. 3, T. 21 N., R. 21W., Sec. 1, T. 19 N., 
К. 23 W., 12 miles R. 25 W., Gate City, Okla. near Laverne, 8 miles southwest R. 25 W., near Arnett, 
.north of Ashland, Clark County, Kans. Harper County, Okla. of Woodward, Okla. Ellis County, Okla. 
Clark County, Kans, Feet 
26 J }Clay, yellow Feet Feet 
130 == ¿Sand on gypsum. | вала 
Feet 4 \Shale, blue . | Å 
- Feet Ue 
285 ¿Sandstone,gFay 2 : 
2 Red beds 380 Shale, gray F ¿Red shale Shale, brown to red, 
a | ior Red beds eet Red shale | some sandstone 
| : ‘Red beds, thin limestone то Sandstone, fine 4604 en Ке 
, | She 4 > , Som 
| Salt, 225 feet 630: | 362 Gypsum and anhydrite Shale, red to blue 3s (ey e red shale 
i re 5 }Salt, 60 feet 467 Shale, etc. I Red shale 
Res se зо 5 Limestone and shale Salt, 118 feet Shale, blue and brown 102 SUN 
Red shale Salt, 158 feet. 585 Red shale with salt,10 feet „20 Salt, 50 feet üt ES ¿E 2 530 Gypsum 
: Salt, 5 feet 938 ed shale and limestone | Salt, 50 feet: hale, gypsum, and salt 852 andstone, heavy brine D 
1000 MER 50 Ea 720 Red shale and sandstone Red shale, some 
3hales И 1090 Тера A sandstone and gypsum 
'Shales, red and blue 4 |Salt, 8 feet, Red shale and gypsum 709 Salt, 25 feet А у toot (Shale, brown, some galt 
Red rocks, limestone layers "s Salt, 8 feet red shale 
199 = I MM shale = Жең shale and limestone Red shal 
12. о Tee 1166 2 ' 5 ed shale, some Ч У 
" 1476 ¿Gray sandstone з 3 рау 2 Salt, 10 feet 
j 1550 Salt, 24 feet 1250 45 us anne Shale, blue, brown, 5 sandstone and gypsum 1220 Sandstoneand shale 
Shales, red and blue \Limestone and shale E Salt, 168 feet andre 1360 = v »Salt, 100 feet 
Shale, red and brown 1430 fi 1590 ЕНЕН Salt, 55 feet 224: ==) «Salt and shale 
| 1560-Е ы Shale, green to brown БЕ =] | Shale, red,and 
Shales, blue and gray Red rocks, soft Red shale 1775 1743 = t conglomerate 
1712 Salt, red, 7 feet e 
БЕ Shale and limestone Shales, gray, and (Ends 
: Salt, 130 feet, some då рл “ора Gypsum and anhydrite 1620 
1960 5 shale and limestone ‚Salt, 95 feet 1455 
7 75 \ = 
2055 Salt, 45 feet, etc. ¿Salt, shale, and limestone 1975 + Shale, gray, on gypsum 
4 »Limestone and shale 1j. t Salt, 102 feet, 
21705 |) Salt, 15 feet Salt, 15 feet ees and anhydrite 
РА shale ae 
„imes shale | » Anhydrite, some shale 
24 i sha 23704 2 25 
24534 jLimestone and sandstone Limestone and shale 0 „Salt, 25 feet 
н Sandstone 2 å 
2 : Limestone and sandstone 2840 Anhydrite, some shale 
Limestone and shal 2 аралау arid tat 2748 
imeston nds = imestone and shales i 
e and shale Sandstone, gray 2840 Limestone, some shale 


‚Salt, 7 feet 
Red rock, 8 feet 
Limestone and shale 


7Limestone, gray 
RECORDS OF DEEP BORINGS IN SOUTHERN KANSAS AND NORTHWESTERN OKLAHOMA. 
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Record of shaft of Standard Salt Co., Little River, Rice County, Kans.% 


Thick- ; 
meas Depth. 
Ft.in. Ft. in. 
IS PU AS A A A Oude nesen» Weenie struc sane e 2 2 
Sandy clay о la ea das ap dte eee ete И 44 46 
Soft red shale...... SMS MUR M DEO OP o a тас 4 50 
Sand and shale...... M Ed ue READ AE егі 15 65 
Red and blue sha alo.. eres rediens SUP PME a шы ee 284 349 
Blue shalo 955 AR ВИ И сија ana mec qase SERES AME EE 62 411 
Red and blue sbale 15444» NE ee АЕТ а RUE Ne 10 421 
Rod shalo Mare tas ee ee ES 13 434 
¡Blue Siglo а weak иде кори cus Pa де sg ER 6 440 
ed and blue shalo A E JA ++ 22 462 
Red shale............. 1 463 
Blueshale........ 73 536 
Gray shale.. 3 539 
Blueshaie.. 19 558 
Salt and shalo. ет) 5 563 
Біпевһаіді% rear cameron adi addas pen Ed tala ME 2 565 
Balt and sbale..:2..:.....2-------- Rud -- REEL SR FE de ST RER 10 575 
Ва а lll1l11...-.244£2£--.-- qae edP ana лао и инв и КЕБ. vase rene RENTE 10 585 
Броје к ағы cavi dao cam A ЦЕВ о Ини NER PS SERRE Ж 586 
Ва. аа D pu p LEO 6 592 
Shales sd Bien 2. O ee а 3 595 
Bunt EEE A чи он ae not Етен 6 7 601 7 
Shaleze uo 222222220. En om abge IIT QR ANC EP ко urne MAMAS E 8 609 7 
Balbi De сања ако en Deon sada: Lowe Se ae bap и 16 625 7 
жесін to шаа DEN ало твар are CAN RO 2 627 7 
оф aise EE SERE Ba ENG Ру Weiters 3 630 7 
Blue а р En i.a wear A ae nw «des qu ME OO: 1 631 7 
Red shale GE Eg EE EE EP aan 6 632 1 
Еу A A O NM E 16 633 7 
4а a сан T TAEL TTE vasa gc ew EM 5 638 7 
Blue вћајб а A A A аа. O 1 639 7 
Сіеагсгувів1ва ...........:-.-.....-....2....................1....... 97 666 7 
һа] i DÉC M Es ee A eee ee 5 671 7 
IA RR ст dg 2 673 7 
Shale....12..........20....2-.. 82... apr nd 1 674 7 
p: Ballen 22 696 7 
Blueshale.........- 4 6 701 1 
Crystalline salt... 31 732 1 
Blue and red shale 12 733 3 
6 6 739 9 
------ 8 6 743 8 
Huch 6 743 9 
Crystallized sal Bas A RE Be 15 758 9 
u and ЗНО. owas. Тајно E diem Le dM Xa 9 O OO 6 759 3 
a a EEE enden) ha Mk ты da RA 5 764 3 
Sait and рајем Rn ee er a Ka 3 767 3 
Crystallized sait (planning to work this bed). SEE RR 18 785 3 
Salt and al аи аа о ан sisas 16 786 9 
Бањона 9 795 9 
Shalo re 4 799 9 
Crystallized salt...... TSO 807 3 
Shale ahnen 96 816 9 
Balkan 8 6, 820 3 
Shales A 17 837 3 
ald salt..... 8 845 3 
Shale and E Mein pom 108 953 3 
Sand and å 6 10 960 1 
Sandstone........ 16 901 7 
Shaleand gypsum... 16 6 978 1 
Blue and red shale. . . 10 988 1 
8 996 1 


Shale and gypsum 


а Kirk, M. Z., and Haworth, Erasmus, op. eit., p. 92. 


A boring in progress in sec. 35, T. 21 S., R. 30 W., 25 miles north- 
east of Garden City, reached a depth б 2,200 feet late in 1919. 
Tt passed out of the base of the Dakota sandstone at about 810 feet 
and finally penetrated several hundred feet of red shale. Strong 
brines were found at intervals from 1,135 to 1,224 feet, but no beds 
of salt were reported. Salt beds may exist in this locality, but it 
is probable that the main salt horizon of the central part of the State 


was not reached. 


U. S. GEOLOGICAL SURVEY 


Sec. 2, T. 28 N., 
R. 17 W., 23 miles 
| northwest of Alva, 
| Woods County, Okla. 


Red rocks, compact 


E | }Sandstond 
r 550 


some red 
Red shale 


Salt, 6 feet 
¿Red clay and salt 
Salt, 40 feet 
Shale, blue and red 


2 


Red rocks with limestone 


Limestones and shales, 


NW. sec. 8, Т. 28N., 
R. 16 W., 20 miles 
north of west of Alva, 
Woods County, Okla. 


Feet к= 
so Gypsum 
Red beds 
370 4-Gypsum 
Red beds 
540 Gypsum 
615 Red beds 
Sandstone 
Red beds 


1020 4% 
Salt, 140 feet 


пто 44 


Red beds, some salt 


1595 
Blue shales 

Eu "Limestone" and salt 
Salt, 178 feet 

5053 t nhydrite 

n ШІ Salt, 115 feet 
pant Limestone 

2300. H Salt, 50 feet 

Limestone 


Limestone and sandstone 


13 Limestone (brine) 
-Shale 
Mpenusone 
imestone 
Shale 
=| ‘Shale and limestone 
“Much brine 


Limestone and shale 


Shale 


==> ТИНА and shale 
3915 = Heavy flow of brine 


2800 


3150 


Alva, Okla. 


BULLETIN 715 PLATE XXIV 


Sec. 27. T. 29 N., 


R. 9 W., 
Alfalfa County, Okla. 


Red shale 
Blue shal 
ue shale Feet _ 
Red shale 
Blue shale Red beds 
Gray shale and anhydrite 
7805 
unm Salt, 80 feet =] ¡Shale, blue 
ШШШ -Shale and anhydrite 8804 “Salt, 40 feet 
Salt, 20 feet | 
Shale, anhydrite, and salt Shale, blue 
1120 7501 20 $e У 
t > у tly blue 
Gray shale, anhydrite, 1230: Jp NR 
and some limestone Salt, 40 feet 
4 -Salt, 29 feet 
Salt, 87 feet 
1487 
Limestone, some shale 
Limestone, КОҢ shale, 1720 
dl кайыша Shale, limestone, 
and sandstone 
2010 
2120 Limestone, shale, 
+Limestone and sandstone 
2300 Sandstone 
Sandstone, red, fine 
: Liniestone and shaie 
Limestone 
2725 
Sandy shale, gray 


RECORDS OF BORINGS IN WOODS AND ALFALFA COUNTIES, OKLA. 
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A 3,055-foot boring in sec. 11, T. 35 S., R. 2 E., in the southeast 
corner of Sumner County, apparently was sunk beyond the eastern 
edge of the salt deposit, but no salt is mentioned in the record.” Red 
materials extend from the surface to 773 feet, and gypsum from 773 
to 993 feet, with shale and limestone below. | 


OKLAHOMA. 


The great Permian salt deposit has been penetrated by numerous 
borings in western Oklahoma, but useful data regarding the salt 
beds have been given in only a few of the records. R. K. Bailey, 
of the United States Geological Survey, visited several of the wells 
in 1917 and 1918 and obtained records and samples for testing. The 
greatest thicknesses of salt reported were 580 feet at Gate and 540 
feet in the Cosden well, northwest of Alva. Smaller amounts were 
reported in the records of other holes in Harper, Woods, Alfalfa, 
Woodward, and Ellis counties. Several deep holes, such as those 
near Enid and Fairview, Okla., and Quanah, Tex., report little or 
no salt, but this may be due to imperfect observations. For the 
same reason the reported thickness at Woodward, Arnett, Alva, and 
Laverne may be too low. The following are the principal data 


available: 


Deep holes in western Oklahoma in the records of which thick beds of salt 
were reported. 


Locality. AS Materials. 
Laverno..s-ossnnssprsensesenesesne-aener 1,620 | Red beds to 700 feet, with salt at 420-470 feet, gypsum 


at 480-490 feet, and salt at 490-500 feet; shale (some 
ofit red) at 700-1,620 feet. 

Alva, певг;.................--.--.------- 3,681 | Red beds to 1,100 feet; salt, at 1,550-1,640 and 1,680- 

1,700 feet; shale and salt at 1,780-1,800 feet. 

Alva, 20 miles north of west of, NW. + 3,915 | Salt at 1,020-1,030, 1,035-1,045, 1,050-1,170, 1,900- 

sec. 8, T. 27 N., R. 16 W. 2,040, 2,062-2,100, 2,115-2,230, and 2,250-2,300 Teet; 

“sand and salt’? at 1,860-1,900 feet; brines at 2,010, 

2,750, 3,175, 3,250, 3,333, 3,835, and 3,915 feet. (See 


Pl. XXIV.) 
Alva, 28 miles northwest of, NW.1 sec. 1,330 | Salt at 1,040-1,080 feet: clay and salt at 964-970 
2, 1.28 N., R. 17 W. and 1,010-1,030 feet. (See log, Pl. XXIV.) 
Alfalfa County, sec. 27, T. 29 N., R. 9 W.. 2,725 | Red beds to 780 feet; shales and limestones below. 


Salt at 850-920, 1,100-1,120, 1,230-1,250, 1,260-1,280, 
гара and 1,340-1,427 feet. (See log, Pl. 
XIV.) 
Gate, three-fourths mile east of, seo. 3, 2,840 | Salt at 467-507, 572-585, 620-630, 670-720, 1,045-1,048, 
. 5 N., R. 28 E. 1,160-1,166, 1,252-1,288, 1,290-1,395, 1,405-1,430, 
1,990-1,997, 2,010-2,020, 2,035-2,040, 2,050-2,063, 
2,072 2,087, m 2107-2 90 feet; ENER at 2,370- 
2,395 feet. (See log, Pl. X 
M pd ae 5: T southwest of, sec. 3, | a 1,775 Salt at 1,590-1,645 feet, under red beds. 
T. 21 N., R. 21 E 


Arnett, sec. 1, T. 19 N., R. 25 E.......-. 1,740 | Salt at 1,430-1,440, 1,495-1,595, and 1,635-1,650 feet. 
(See log, Pl. CXII.) 
Cimarron County, sec. 22, T. 4 N., R. 1 E. 2,030 | Nosalt mentioned in record, but outside reports refer 


to salt, 
Magnolia County, 3 miles north of Sayre, | 41,780 | Salt samples at 1,345-1,350, 1,395-1,416, and 1,500-1,510 
Beckham County. feet. 


a Tn progress. 


Kansas Univ. Geol. Survey Bull. 3, p. 345, 1917. 
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Deep borings in western Oklahoma in the records of which little or no salt 
was reported. 


Locality. PEN Materials. 
Бала D stedt ИЕ 3,365 | Red beds at 48-1,000 feet, alternating limestone and 


shale at 1,000-3,365 feet, with few red sandstones 

at intervals between 2,165 and 2,660 feet. 

Canute, near, sec. 18, T. 11 N., R. 19 W.. 541 | Shale and sandstone, red and gray. 

Alfalfa County, SW. 1 sec. 13, T. 28 3,396 | Red and brown rocks to 820 feet; limestone, sandstone, 
R. 11 W. and shale below. 

Cimarron County, sec. 22, Т. SN, R. 

Cimarron County, sec. 22, T. 4 N., R 

South Fairview, sec. 33, ом R.1 


feet. 

Leedy, 4 miles northwest of, SE. 1 sec. 27, 2,010 | Poor record. 

T. 17 N., R. 21 W. 
Clinton, Custer County........... TIU 2,507 | Red beds, with some blue shale. 
Ellis County, sec. 1, T. 19 N., R. 25 721 | Red beds. 
Gage, sec. 2, Т. 21 N., R. 24 wer Do. 
Major County, sec. 33, T.20N.,R.12W.. 3,475 | Red beds to 1,690 feet; limestone and shale below. 
Custer, Custer County... 2,015 | Red beds. 
Greer County, SW.1 sec, 2,135 | Red and brown beds. 


21 W. 
El Reno, Canadian County.............. 3,315 Do. 


5E. 1,583 | Red beds, with gypsum. 
1E. 2,030 | Red beds to 1,940 feet; limestone below. 
2E. 1,758 | Red shale to 1,690 feet; small bed of salt at about 1,590 


TEXAS. 


Data from borings—The presence of salt under the greater part 
of western Texas is known from many deep borings, most of which 
have been described by Udden.* Тһе record of the hole bored by 
the United States Geological Survey south of Amarillo and data 
from other holes since bored add to the evidence. However, in this 
area, as elsewhere, doubtless the salt has been penetrated by some 
holes whose drillers have failed to report salt or have not noted the 
thickness of the several beds. The greatest thickness reported is at 
Adrian, where the aggregate is 700 feet; other notable records are 
680 feet in the Miller hole, 545 feet in the Boden well, and 460 feet 
or more in the United States Geological Survey well. The following 
are the principal data available regarding salt deposits in wells in 
western Texas (see also fig. 34) : 


Deep borings in western Texas in the records of which salt beds were reported. 


| 
| 


Locality. реа Principal materials. 
Adrian, Oldham County, 2 miles south- 2,825 | Salt at 1,185-1,370 and 2,240-2,440 feet; salt and gyp- 
west of. sum at 750-1,185 and 1,370-1,517feet. (See log.) 
Boden field, Potter County............. 2,000 | Salt at 640-645, 650-665, 701-710, 720-730, 875-925, 930- 


salt айа sll at 740-145 fel, а ow tha vert ot 
Millerranch, Palo Duro Canyon, 7 miles 2,575 Bulk and fed skala at 940-1,170 ER salt at 1,390-1,430 
above Canyon, Randall County. 1,435-1,500, 1,508-1,530, 1,570-1,610, 1,635-1,680, 
me 720 Я 1,830-1,950, 2,025-2,205, 2,212-2,315, and 


United States GeologicalSurvey boring, 1,703 | Salt and shale at 665-860 feet; salt at 972-1,058, 1,116- 
Cliffside, 6 miles northwestof Amarillo, 1,322, and 1,392-1,440 f eet; salt and sandstone at 
Potter County. ЕР аи anhydrite, shale, and salt at 1,581- 

eet. 

ME Gray County, halfa milesouth 1,670 Red nn. 1,650 feet at least; considerable salt to 
of. | 1,670feet. 


* Udden, J. A., Potash in the Texas Permian: Texas Univ. Вий, 17, 59 pp., 1915. 
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CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1920, PART I. 


Deep borings in western Texas in the records of which salt beds were reported— 


Continued. 
Locality. est). Principal materials. 
Childress, Childress County............. 1,263 | Salt at 848-1,098, 1,118-1,138, 1,178-1,203, and 1,218- 
1,238feet. (See log, fig. 35. 5 
Justiceburg, Garza Соппђу.............. 800 | Salt at 585-600 and 770-785 feet and below. 
Spur, Dickens Counfy.................- 4,489 | Salt at 570-580, 633-638, and 732-741 feet; much salt 
with shales at 90 0-1, 250 feet. 
Post, Garza County LTE 1,674 | Salt at 1,656-1,674 feet. 
Snyder, Scurry County TE TEE 2,500 | Salt rock at 655-705, 720-765, 770-775, 785-800, 870- 
1,020, 1,570-1,600, and 4; 660-1 ,805 feet. 
Upland, Upton County. ...........-...- 1,300 Probablyi insaltatl ,300 feet. 
Buena Vista, Pecos County . 1,114 | Somerock salt at 962and 975 feet. 
Scoggin, Kent County..... 961 | Salt atintervalsfrom 880 to 961 feet. 
Shamrock, Wheeler County 2,027 |“ бе | and ad ra 7 ay 935-1,090 feet and near 1,360 
eet ee log, fig. 3 
Hapgood well, 28 miles north of Ama- 2,395 | Salt in shale at os, 300 feet. (See log, fig. 37.) 
rillo, Potter County. 
Masterson well No. 2, 28 miles north of 2,125 | No salt reported. 
Amarillo, Potter County. 
Masterson well No. 3, 28 miles north of 2,195 | Salt at 1,325-1,415feet; “lime salt” at 1,415-1,585 feet. 
Amarillo, Potter County. 
Bivins well, 28 miles north of Amarillo, 3,010 | Salt 200 feet or more at intervals Wem 700 to 2,680 
Potter County. feet. Red beds at 2,835 to 3,010 fce 
Ranch well No. 1, 28 miles north of Ama- 1,900 | Salt at 885-920, 1, 370-1, 382, 1 O05 1,530, and 1,590- 
rillo, Potter County. 1,670feet. 
Pullman, Potter County ..............-- 1,276 Rock salt at 1,143-1,160 feet. 
Memphis, Hall County, 5 miles south of. 1,908 | Salt rock, ete., at 550-770 and 1,150-1,290 feet; hard 
; red and blue shale and salt at 1; ‚290-1, "580 feet. 
Hollowfield No. 1 well, Hall County..... 2,395 | Salt at 730-735, 1,080-1,320, and di 470-1, 580 feet. 
Oil Issues No. 1 well, Oldham County. 1,185 | Salt 80 feet at intervals from 660 to 1, 140 feet. 
Holbrook No. 1 well, Potter County..... а 2,020 | Salt 160 feet at intervals from 955 to 1 ‚630 feet. 
W. & P. Masterson well, Potter County..| «2,980 Pelt på LAE ,480-1,510, 1,670-1, 700, 2, 510-9, ,515, and 2,655- 
2,755 feet 
Tuck-Trigg well, Potter County......... 3,920 Salt 200 feet at intervals from. 665 to 2,460 feet. 
Palo Duro well, Randall County... ...... 2,635 | Salt 140 feet at intervals from 310 to 2 ,630 feet. 


a In 1920 still drilling in soft red rocks, but granite is reported in borings near by. 


Deep borings in western Texas in the records of which little or no salt was 


reported. 
m Depth alo 
Locality. (feet). Materials. 
Glenrio, Deaf Smith County . 800 | Red beds, sandstone, dolomite, and anhydrite. 
San Angelo, Tom Green County, 4 miles 3,967 | Nored beds below 183 feet; gray limestone and shale. 
west of. 
Littlefield, Hockley County, midway on 2,032 | Red beds; some lime and sand. 
north line of league 730. 
Toyah, Reeves County.................. 4,100 | Red beds, gypsum, limestone, sandstone, and shale. 
Quanah, Hardeman County............ 1,160 | Red beds to 1,105 feet, possibly lower; no salt. 
Spur.—According to Udden,* the 4,489-foot hole bored at Spur in 


1909 to 1913 revealed three beds of salt at 570 to 580, 633 to 638, and 
132 to 741 feet. The lower sands of the red beds, from 900 to 1,250 
feet, contained from 15 to 67 per cent of salt, the average being 36 per 
cent, equivalent to about 105 feet of solid salt. All the salt is in red 
beds consisting of layers of red sandy shale containing 18 beds of 
anhydrite and gypsum. .A bed of anhydrite extends from 330 to 403 
feet, and other thick beds occur at 540 to 570, 603 to 628, and 1,175 to 
1,200 feet. Gypsum beds 1 to 15 feet thick occur in the upper 285 feet 
of the boring. The combined thickness of gypsum and anhydrite is 
stated by Udden to be at least 250 feet. Below 1,250 feet the hole is in 


5 Udden, J. A., The deep boring at Spur: Texas Univ. Bull. 363, sci. ser, 28, 1914, 
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dolomite interrupted by minor amounts of sandstone, shale, and 
anhydrite. 

MeLean.—Udden * gives a detailed driller's record of the 1,670-foot 
boring of the Panhandle Oil & Gas Co. half a mile south of McLean, 
but it contains meager data as to salt. 

Gypsum and salt are recorded at 1,285 "> 
to 1,240 feet; salt and white lime rock 
at 1,290 to 1,300 feet; hard and soft 
lime, red shale, and salt at 1,300 to 1,350 
feet; and red-brown shale and salt at 
1,589 to 1,593 feet. It is stated that beds 
of salt of “considerable thickness were es 
penetrated” ending at 1,260 feet and 

somewhat above 1,670 feet. Large | ан, 20 feet ay 
amounts of gypsum and anhydrite + DS 45 feet, and gypsum 
were found. 

Kent, Scurry, and Garza counties, — T 89. Record of boring at 
Udden” gives some data regarding n, MN 
the records of borings at Post, Scoggin, Justiceburg, and Snyder 
which indicate that the salt bed is present but apparently thinner 
than in other regions to the north. However, most of the records 
Е are not very specific as to the amount of 

алуан gard Sand: MEL. salt penetrated. 

Shale, fed The Double U boring, near Post, 


Red ү ud e gypsum 
nd sandstone 


535 
Ved beds, some sand 


үч on gypsum 


Salt, 250 feet 


23 Gypsum 
y ended in salt at 1,672 to 1,674 feet, and 
Shale, red and blue salt appears to have occurred in small 
bodies down to 1,344 feet, most of it 
s a mixed with sand, clay, and anhydrite. 
E: 28 г The 2,500-foot hole at Snyder pene- 
ME Hard shale and salt rock trated several beds of “salt rock” below 
Shale, mostly red, 655 feet, possibly aggregating 100 feet. 
08 "БАШЫ Alternating thick beds of salt and red 
А Shale, some salt rocks occurred from 690 to 800 feet, clay 
CAES mixed with salt from 870 to 1,020 feet, 
| ule and “chalk” and salt and shale from 1,570 to 1,600 
== feet. The salt rock at 2 130 to 2,160 feet 
= was the lowest salt тей 
Eee The Scoggin boring afforded meager 
phanirock, Tex. data, but it was reported that salt beds 


were penetrated at intervals from 880 to 961 feet. 

The 600-foot well of the Atchison, Topeka & Santa Fe Railway 
at Justiceburg was in Permian red shale with “sheets of rock salt? 
from 311 to 585 feet and “ pure rock salt? from 586 to 600 feet. 


6 Udden, J. A., Potash in the Texas Permian: Texas Univ. Bull. 17, pp. 19-23, 1915. 
7 Idem, pp. 28-37. 
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Big Spring.—It is reported that the well sunk in the courthouse 
yard at Big Spring in 1892 found salt water at 500 feet and salt 
from about 900 feet to about 1,340 feet. 

Wells north of Amarillo.—The record of the well bored by the 
United States Geological Survey 6 miles northwest of Amarillo is 
given in figure 34. It penetrated 460 feet or more of salt in several 
beds between 680 and 1,600 feet. One bed of nearly pure salt was 
150 feet thick. 

The Hapgood well, bored to a depth of 2,395 feet in section 65, 
block 018, 98 miles north of Amarillo, had the record shown in 
figure 37. The record shows red shale with some salt from 840 to 
1,300 feet, but the total amount is not given. Тһе hole was later 
deepened to 2,395 feet, but although no more salt was reported the 
record is too general to be useful. Several other holes were sunk in 
the same vicinity. Masterton well No. 3 
of the Amarillo Oil & Gas Co.; in sec. 102, 


Feet Dolomite 


4 ‘Red sandy shale 


1” Sandstone, fine 
7A }Gypsum 


Anhydrite 


Shale, sandstone, 


and limestone 


Sandstone on shale 
Red shale, some salt 


block 018, was completed at 2,195 feet; 
the only salt reported was at 1,325 to 
1,415 feet followed by “lime salt” at 
1,415 to 1,585 feet. Masterson well No. 2, 
in sec. 70 of the same block, was 2,125 
feet deep, and its record shows no salt. 


The record of Bivins well No. 1 of the 
same company, in sec. 106, block 46, 1,535 
feet deep, reports salt and red rock at 692 
КЕСТЕ лынды to 940 feet, salt at 1,145 to 1,188 feet, and 
boring in sec. 65, block 018, Salt, gypsum, and slate at 1,200 to 1,330 
| acing north of Amarillo, feet. The record of Ranch Creek well No. 
: 1, 1,900 feet deep, reports salt at 885 to 
920, 1,370 to 1,382, 1,505 to 1,550, and 1,590 to 1,670 feet—172 feet in 
all The drillers of the Miller well at Pullman, Potter County, which 
had reached a depth of 1,276 feet November 8, 1919, reported salt at 
1,143 to 1,160 feet. 
‘` Memphis.—The 1,908-foot boring 5 miles south of Memphis passed 
through an extensive series of salt-bearing strata, but the record is 
so general that the thickness of salt can not be ascertained. The 
amount was probably considerable. 

Quanah.—The absence of salt in the record of the 1,160-foot hole 
at Quanah, in Hardeman County, may indicate either that the salt 
measures do not extend that far east or that they have been over- 
looked by the drillers. 

San Angelo.—The 3,967-foot hole at San Angelo, in Tom Green 
County, is apparently in the same category with the Quanah boring. 

Buena Vista.—The 1,414-foot hole at Buena Vista, in Pecos County, 
according to a report given to Udden, penetrated rock salt at 962 and 


Red shale with 
thin salt beds 
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975 feet, and he states regarding the Permian red beds from 588 feet 
down: * It is probable that these contain more salt than would appear 
from the two isolated mentions of rock salt by the driller, who stated 
that cuttings from some parts of the borings were difficult to obtain 
and seemed to ‘ disappear before coming to the surface.” 

Upland.—A boring at Upland, Upton County, reached a depth of 
1,300 feet in 1913. According to Udden, the drillers reported salt 
and brine at 1,100 to 1,120 feet, and at 1,300 feet the cuttings were so 
scanty that probably a bed of salt or salt-bearing shale was pene- 
trated. 

Reeves County.—Apparently no salt has been noted in the holes 
sunk for oil in Reeves County, although the upper strata penetrated 
are the red-bed succession of the Pecos Valley region. The 4,100-foot 
hole northwest of Toyah, described in detail by Udden,* began in the 
Comanche series and. apparently penetrated beds of about the same 
age as those in the 2,820-foot hole at Carlsbad, N. Mex., 80 miles 
farther north, in which 633 feet of salt was found. 


NEW MEXICO. 


G'eneral features.—Several bore holes indicate that an area of about 
20,000 square miles in eastern New Mexico is underlain by the south- 
western extension of the great salt bed. Possibly the salt may extend 
northward under parts of Union, San Miguel, and Mora counties. 
In the 2,820-foot hole at Carlsbad the salt beds were found to be 
633 feet thick, and the record of the hole north of Roswell reported 
526 feet of salt. Probably there is not a continuous sheet more than 
500 feet thick under all of the eastern or southeastern part of the 
State, but it seems probable that a large area is underlain by the thick 
deposit. Тһе limits can only be conjectured within the area under-. 
lain by Permian rocks. No outcrops appear, although the salt de- 
posits near Estancia appear to be on the zone in which the horizon 
of the salt-bearing beds is near the surface. The great salt flat north 
of Van Horn, Tex., may also mark the proximity of this horizon to 
the surface. А section across the southeastern part of the State is 
given in figure 38. 

Carlsbad.—In 1913 a large body of salt and anhydrite was found 
in a 2,820-foot test boring for oil in the NE. 3 sec. 4, T. 22 5. 
R. 98 E., near Carlsbad. Samples from this well were tested chemi- 
cally by E. E. Lyder and W. A. Whitaker, at the University of 
Kansas. The record in figure 39 and other data were kindly fur- 


8 Udden, 7, A., op. cit., p. 39. 
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nished by the late William H. Andrews. This record is remarkable 

in showing not only a very thick body of salt but a large amount 

of anhydrite, features which do not 

SVXAL appear in many records of wells in dif- 

ferent parts of the lower Pecos Valley 
in New Mexico. 

In 1916-17 a boring 787 feet deep 
was made in the NW. 1 sec. 21, T. 22 
S., R. 27 E., about 6 miles southwest 
of the deep hole above described, by 
the Longyear Co., in a search for pot- 
ash, some traces of which had been 
found in the older boring. Samples 
were carefully collected and tested by 
R. K. Bailey in the field laboratory 
of the United States Geological Sur- 
vey at Amarillo, Tex. Red shales and 
gypsum extended to 165 feet, gypsum 
with a few red clay partings from 165 
to 428 feet, solid anhydrite from 428 to 
629 feet, and alternations of salt and 
anhydrite from 629 to 787 feet. The 
thickest body of salt extended from 
743 to 775 feet. This record, so far as 
it goes, confirms the record of the up- 
per part of the 2,820-foot hole as given 
in figure 39. 

Roswell region.—The 3,120-foot hole 
bored by the Toltec Oil Co. 13 miles 
north-northeast of Roswell penetrated 
526 feet of salt in numerous thick beds 
interstratified in dolomite and anhy- 
drite, with small amounts of red and 
gray sandstone. The record in figure 
40 is based on the driller's log, with 
data from a complete set of samples 
kindly furnished by the company and 
tested in the laboratory of the United 
States Geological Survey. 

% 'The record of the 2,943-foot hole in 
MARE вес. 5, T. 11 S., К. 28 E., about 25 miles 
2 east of Roswell, does not report any 
salt, except 2 feet at a depth of 850 feet, 
but presents the usual reiteration of such terms as “pink and red 
rock,” “limestone,” “lime shells,” which give scant information. 


75 Miles 
= 


Anhydrite 


50 


25 


25 


Sacramento Mtn. 
Ficgurn 38.—Section across southeastern New Mexico from Sacramento Mountain through Carlsbad. 
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Undoubtedly the hole passed through the salt and anhydrite succes- 
Sion reported in other holes to the west and east. Much salt water 
was found, notably at 2,165 and 2,240 feet. 

Artesia region—In a 501-foot hole on one of the Turkey Track 
ranches, 25 miles east of Artesia, near the northwest corner of T. 16 
S., R. 30 E., salt was entered at 231 feet and continued to the bottom. 
In a well a few miles northeast of another of the Turkey Track 
ranches, 154 miles east of Artesia, the salt bed was entered at 281 
feet, and 5 miles east of that ranch the 
salt was entered at 200 feet. 

Lesbia.—A 1,414-foot boring at Les- 
bia is reported to have penetrated salt 
at 700 feet and from 1,200 to 1,300 feet.” as 

Tucumcari.—The McGee test well for 
oil, being drilled in the SE. 1 sec. 27, 
T. 10 N., R. 31 E., 81 miles southeast of 
Tucumcari, penetrated rock salt at 
1,100 to 1,135, 1,430 to 1,455, 2,372 to net 
2,377, and 3,220 to 3,225 feet. The 
strata below 1,455 feet as reported are 
170 feet of red shale, 375 feet of gray 
limestone, 200 feet of brown shale, 280 
feet of dark limestone, 650 feet of 
brown shale, 620 feet of red shale and 
limestone, and 194 feet of limestone, 


Sandstone, red shale, 
and limestone 


Anhydrite, 185 feet 
] 


Salt, 633 feet, with 
some anhydrite 


Anhydrite, 1325 feet 


mostly dark, to the bottom of the hole == 
at 4,014 feet (September, 1920). NAE Sees 
LIMITS. 2550 === 


2700 LL Limestone and sandstone 


The southern limit of the salt deposit „р> 
in Texas has been discussed in connec- pcurn 39. Record of boring in 
tion with the records at Spur, Buena the NE. à sec. 4, Т. 22 S.,R.28 E. 
Vista, Post, etc. (p.216). The eastern S on Sia ШЫР CERE UAI RE: 
limit is probably about 50 miles west of the outerop zone of the basal 
beds of the Permian in western Texas, Oklahoma, and Kansas, and in 
places it is marked by salt marshes and springs. Apparently the 
salt thins rapidly toward the outcrop zone, for the records of wells 
at its eastern margin report small thicknesses. То the north in 
Kansas the limit is unknown, and the beds may extend to Nebraska. 
The rate of thinning is gradual, for the salt is more than 200 feet 
thick at Wilson and Kanopolis. At McPherson it has thinned to 
195 feet. Some holes in Kansas north of latitude 39? have failed to 
report salt, but that is not conclusive evidence of its absence. The 


v Texas Univ. Bull. 17, p. 8, 1915. 
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western extension of the deposit in Kansas is also problematic, for 
the salt measures sink deeper in.that direction and have not been 
penetrated. The 1,365-foot hole at Great Bend reached the salt, but 
holes at La Crosse, Dodge, Jetmore, and northeast of Garden are 
far too shallow to penetrate it. 

The failure to find salt in the two holes 1,583 and 2,030 feet deep 
in Cimarron County, Okla., may indicate that the salt is absent, was 
not recorded, or lies deeper than in the region to the east. It is 
stated by a local observer that some salt was penetrated in the 2,030- 


Feet 2) foot hole in the western part of the 
ume county. 

аа In New Mexico the salt is so thick 

some sandstone ' at Carlsbad and north of Roswell that 


its western margin must be some dis- 
tance west of Pecos River. Appar- 


Sandstone TONS 
{Dolomite ently no salt exists in the Sacramento 
| Sandstone, red Mountains; therefore the western mar- 


Salt, 19 feet i ; оду: 
¡Pre ти gin may be near longitude 1059, in 


y Salt, 32 feet | Otero, Lincoln, and Chaves counties. 
Å | Gypsum, dolomite, shale 3 7 

and sandstone 

1) Salt, 63 feet AREA AND TONNAGE. 

4 Sandstone and gypsum. 

1) Salt, 61 feet, and anhydrite 


rie ee The area known to be underlain by 
alt, ee . . . 
= Anhydrite the great Permian salt deposit is not 
it . . 
OUT. far from 100,000 square miles. If it 
mpi se extends to the southeast corner of Colo- 


4 'Dolomite and gypsum: : 
rado and northward to Nebraska its 
}Dolomite and anhydrite area is considerably greater. 

TA EE On the assumption of an average 


Shale and dolomi А 
ДЕРЕК naro thickness of 200 feet of salt, the gross 


= Salt 10 feet quantity in the area of 100,000 square 
Ж poker e miles is about 30,000 billion tons. 
3025 222 Dolomite on gypsum 


E Soter salt, 626 feet ORIGIN. 
FIGURE 40.—Record of boring in sec. 

31, T. 8 S, R. 24 E, 13 miles The salt beds of this great deposit 

north-northeast of Roswell, N. Mex. doubtless originated in the evapora- 
tion of ocean water occupying a basin or series of basins for a 
considerable part of Permian time. The irregular distribution of 
the gypsum and anhydrite in relation to the salt indicates remark- 
able oscillations in short lines and complexity of local conditions, 
and the presence of limestone beds at intervals shows that deeper 
marine submergences occurred from time to time, It is certain that 
a considerable supply of sea water was necessary for the accumula- 
tion of deposits of salt several hundred feet thick over a vast area. 
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A figure of interest in this connection is the fact that a body of 
sea water 100 feet deep evaporating to dryness deposits the greater 
part of its calcium sulphate, amounting to about 2 inches under 
ordinary conditions, and then deposits about 3 feet of sodium 
chloride. That the waters were shallow much of the time is shown 
by the large amount of shale and sandstone present, in part mixed 
with the salt. Most of these sedimentary materials are red, but 
some are of gray and other tints. 

The studies by J. Usiglio 2° on the deposition of salts from sea water 
are of interest in this connection. He concentrated water from the 
Mediterranean Sea, containing 3.77 per cent of total solids, to about 
one-sixtieth of its volume and obtained the following results: 


Salts laid down in concentration of sea water. 


[Parts per thousand.] 


| 
i S0. | x 2 
Bp ity. | Volume. | Fe:Os. | Сабо» СҮЗӨ | NaCl. | MgSO. | MgCl. | NaBr. | KCl. 


Total deposit . . 27.1074 . 6242 .1532 „2224 | POE ELLE 
Saltsremainingin so- 
Urt Ion ЕТКЕ 29 2.5885 1. 8545 3. 1640 .3300 0. 5339 


Sum ees . 0030 .1172 1.7488 | 29.6959 2.4787 3.3172 .5524 .5339 


19 Annales chim, et phys., 3d ser., vol. 27, рр. 92-172, 1849, 
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CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1920. 
PART I. METALS AND NONMETALS EXCEPT FUELS. 


F. L. Ransome, Н. S. блік, and E. Е. Buncnanp, Geologists in charge. 


INTRODUCTION. 


The Survey's * Contributions to economic geology " have been pub- 
lished annually since 1902. In 1906 the increase in the number of 
papers coming under this classification made it necessary to divide 
the contributions into two parts, one including papers on metals and 
nonmetals except fuels and the other including papers on mineral 
fuels. In 1915 the year included in the title was changed from the 
year in which the field work reported in these papers was done to 
the year of publication, and in consequence there was no volume 
entitled * Contributions to economic geology, 1914.” The subjoined 
table gives a summary of these bulletins. 


United States Geological Survey ** Contributions to economic geology." 


Date of ; Date of 
Date in title, publica- Bullets Date in title. publica- ec 
tion.a Один) tion.a . 

Tee EE SPERA 1903 213 1914 540 
1903. 1904 225 1914 541 
1904. 1905 260 1915 580 
1905... 1906 285 1915 581 
1906, 1907 315 1916 620 
| 1907 316 4 1916 621 
1907, Part I. -| 1908 340 || 1916, zur I$ 1917 640 
Part П.. АЕ 1909 341 Part OI 1917 641 
1908, Part I... 1909 380 || 1917, Part I.... 1918 660 
Р Part II.. 1910 381 Part IEEE -.| 1918 661 
1909, Part I.... 1910 430 || 1918, Part I. ......... ы 1919 690 
Part T 1911 431 Part II ААН w 1919 691 
1910, ES Ti 1911 470 || 1919, Part I.......... 1920 710 
art II. 1912 471 Part 1... 1920 711 
1911, Pur IS 1913 530 || 1920, Бап IPIS 1921 715 
TTA use Zee 1913 531 Part Ili LEES 1921 716 


a The date given is that of the complete volume; beginning with Bulletin 285, the papers have been 
ssued as advance chapters as soon as they were ready. 

As the subtitle indicates, most of the papers in these volumes are 
of three classes—(1) short papers describing as thoroughly as con- 
ditions will permit areas or deposits on which no other report is likely 

уп 


VIII INTRODUCTION. 


to be prepared; (2) brief notes on mining districts or economic de- 
posits whose examination has been merely incidental to other work; 
and (3) preliminary reports on economie investigations the results of 
which are to be published later in more detailed form. 

Although these papers set forth mainly the practical results of 
economie investigations they include brief theoretical discussions and 
summary statements of conclusions if these appear to require prompt 
publication. 

Beginning in the spring of 1917 and continuing throughout the 
period of the war the United States Geological Survey made special 
field explorations, surveys, and laboratory studies of deposits of ores 
of metals used in the manufacture of ferroalloys, pig iron, and steel, 
including manganese, chromium, tungsten, molybdenum, titanium. 
uranium, vanadium, zirconium, and iron. 

Summaries of the data were promptly published by the Geological 
Survey in the form of press bulletins, and several longer papers on 
these subjects were published in Survey Bulletin 710* and in the 
Transactions of the American Institute of Mining and Metallurgical 
Engineers? Other papers prepared largely by Federal Survey geolo- 
gists have been published by several State surveys? The papers on 
manganese and iron ore in this bulletin are some of the results of 
this war work, and other papers, now in preparation, will be pub- 
lished in “ Contributions to economic geology, 1921.” 
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